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ABSTRACT 


A 20-year record of winter precipitation data for San Francisco is used to determine frequencies of periods of rain 
and no-rain of various lengths and the frequencies of periods of a given type of weather followed by the same type of 


weather. 
persistence of rain and no-rain. 


INTRODUCTION 


The Northeast Pacific with its great expanse of water 
surface has been found to be especially well suited for the 
development of forecasting methods based on weather 
map types. The relatively uniform north-south tempera- 
ture gradient of the ocean surface and the lack of oro- 
graphic influences do not lead to abrupt changes in the 
circulation patterns. Air masses moving into the area from 
the continental source regions adjacent to the Pacific 
Ocean have undergone considerable modification before 

ming involved in the existing major air streams. ‘The 
same considerations which have led to successful weather 
map typing for the area lend themselves to a study of 
persistence. Accordingly, it was felt that a study of 
persistency of weather at San Francisco held promise of 
worthwhile results. 


PROBLEM 


The weather along the Pacific coast in the vicinity of 
an Francisco is controlled to a large extent by the posi- 
tion, shape, and intensity of the Eastern Pacific subtropi- 
cal High, and to a lesser extent by the location and inten- 
ty of the Aleutian Low. for the 
West coast have recognized the Pacific High as the pre- 
dominant controlling feature of the surface map. Vernon 
1] in his study of winter precipitation at San Francisco 
ased on map types found that the most important con- 
siderations were the position of highest pressure off the 
alifornia coast in determining the probability of rain 
during a Westerly Type and the shape of the high and 
its east-west displacement leading to the Northerly or 


8$68122—50—— 1 


The observed frequencies are compared with those expected on chance and are examined for evidence of 
The use of persistency as a forecasting aid is discussed and its skill determined. 


Southerly Type classification. In the Westerly Type the 
High acts usually as a barrier to storms apneres the 
central Pacific coast, but if the center of the High is 
sufficiently far south such storms may opprons the coast 
in the vicinity of San Francisco. In the Northerly Type, 
the High acts as a steering mechanism to bring Lows 
forming in the Gulf of Alaska southward along the Pacific 
coast ; in the Southerly Type, storms forming in the Central 
Pacific are carried northward. During the relatively in- 
frequent instances of a storm approaching from the east, 
the Pacific High again acts in its steering capacity. 
Forecasters have long recognized the Eastern Pacific 
High as a persistent phenomenon. While acting as a 
control to the surface features, it is in turn probably 
controlled by air streams prevailing at middle and upper 
levels in the atmosphere. If the forecaster accepts this 
viewpoint, he is faced with the problem, except for varia- 
tions of the pressure distribution as a result of migrating 
ridges, of forecasting surface changes which are due to 
causes only partially known and of such nature that data 
describing them are unavailable. When confronted with 
this situation, the forecaster generally tends to fall back 
on the known persistency of the main features of the 
weather map and to continue forecasting the current 
weather trend. With the exception of the study of the 
ersistency of weather at several European stations by 
Wessuthene in 1916 [2] and Besson in 1924 [3], and at a 
station in the central United States by Blair in 1924 [4], 
very little information is available in a satisfactory form 
to enable the forecaster to use day-to-day persistency in 
other than a subjective manner. Blumenstock [5], in his 
analysis of drought by means of the theory of probability, 
has made a general study of the probability of occurrence 
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of periods with little or no precipitation over most of the 
United States, but the study does not lend itself for use 
by the forecaster. The recent emphasis placed on the 
objectivity of forecasting methods brings to light the im- 
portance of determining a) the degree to which persistency 
resulting from broadscale flow patterns enters into the 
forecasting problem, and (2) the way in which it con- 
tributes to the indicated skill of an objective method. 
The purpose of this paper is to present the results of a 
study of these two aspects of persistency of rain and no- 
rain periods at San Francisco. 


PROCEDURE 


For the purposes of the study persistency was defined as 
follows: Persistency is the observed percentage frequency 
in excess of chance that a period of M days of a given type 
of weather is followed by N or more consecutive days of 
the same type of weather beginning LZ days later. (In 
this definition a period is taken as beginning with the 
last change in the weather type.) 

The period chosen for the study includes the months 
December through March for the 20 years 1927-47. The 

‘daily weather record for San Francisco published in the 
“Climatological Data” for California was used to type 
each day as either a rain or a no-rain day. A day receiv- 
ing a measurable amount of rain was considered to be a 
rain day. As an initial step in the study, the frequencies 
of periods of rain and no-rain of various lengths were 
determined. Next, from these data, the frequencies of 
periods of various lengths of rain and no-rain followed by 
one or more days, two or more days, etc., of the same 
type of weather were determined. Through a further 
consideration of the record, frequencies of recurrence of a 
iven type of weather on the first, second, and third days 
following periods of various lengths were obtained. 

During the 80 months (December through March) of 
the 20-year record considered, 819 rain days occurred out 
of a total of 2,425 days, thus giving 33.8 percent rain 
days. For determining the probability on chance of rain 
occurring on any one day a ratio of 4 was used. On this 
basis, the probability of a rain period continuing unbroken 
for 1 day is %, for 2 days }, for 3 days %7, etc. Similarly 
the probability on chance that a no-rain period wil 
continue for one more day is %, for two more days %, for 
three more days %z, etc. 

In counting the periods of rain and no-rain during the 
winter season, the periods at the beginning and end of the 
season were arbitrarily assigned to that month in which 
the greatest number of days fell. For this reason the 
total number of days involved in a portion of the study 
differs gr pred from the total number recorded during the 
months of the 20 years considered. 


TABLE 1.—Observed frequency of rain periods by duration in days, fr 
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FREQUENCY OF PERIODS OF RAIN AND 
NO-RAIN 


The results obtained from the tabulation of the fre- 
quencies of rain periods of various lengths are shown in 
table 1. Also shown in this table are the frequencies of 
the periods of various lengths expected on a chance dis- 
tribution of the rain days and the cumulative totals of 
the observed rain periods from the ee to the shortest. 

The calculation of the frequency of periods of various 
lengths expound on chance requires the solution of the 


problem of runs for two types of weather. Cochran [6] 
gives the equation 
(1) 


where {rm is the frequency of runs of length r out of m 
trials, for the type of weather having p as the probability 
of occurrence during the unit period, q=1—p and 
1<r<(m—1). This equation was used in obtaini 
the frequencies of rain periods of various lengths wit 
p=, g=%, and m=121.3, the average number of da 
er season. Since 20 years of record were used, the 
requencies thus obtained were multiplied by 20. 

e observed total number of rain periods of different 
lengths (table 1) indicates an apparent tendency for rain 
to persist for about 5 days, as shown by the fact that the 
number of periods lasting 5 days actually exceeded the 
number lasting 4 days. e occurrence of periods last- 
ing 1 and 2 days was less frequent than that expected on 
chance, and the number lasting longer than 3 days was 
in general more frequent than expected on chance. The 
average number of rain periods per month was 3.84. In 
the 307 rain periods considered during the 20 years of 
record, 810 days of rain were involved giving an ave 
length for the rain periods of 2.64 days. The longest rain 
period was 19 days. 

Data for the no-rain periods are given in table 2. 
Equation (1) with p and g interchanged was used to cal- 
cama the number of runs of various lengths expected on 
chance. The frequency of observed no-rain periods in- 
creases from 7 periods lasting 8 and 9 days to 12 periods 
lasting 10 days and 11 periods lasting 11 days and thus 
indicates an apparent tendency for the no-rain periods to 
persist about 10 days. The average number of no-rain 
periods per month was 3.89. The small difference com- 
pared to the rain periods is due to the fact that there 
tended to be a higher ratio of no-rain to rain periods at 
the beginnings and ends of the seasons. In the 311 no- 
rain periods considered, 1,618 no-rain days were involved, 
giving 5.20 days as the average length of the no-rain 
periods. The periods lasting from 1 to 9 days were con- 
siderably less frequent than would be expected on chance, 


ncy of rain periods of various ariey, expected on chance, and frequency 


of rain periods cumulated from the longest to shortest (20 seasons, 1927-4 
Length of rain periods in days 

March.....-.- 33 14 7 8 3 3 2 eres 
128 70 38 | 20 | 21 12 5 7 0 2 0 1 0 1 1 0 0 0 1 
Frequency expected on chance. 362.4) 119.8 39.6] 13.1) 43) 1.4) 0.47] 0.16) 0.05) 0.02) 0.01) <.01) 
Observed cumulative total (reverse) .......---.- 307 179 109 | 71 | 51 | 30 | 18 | 13 6 6 4 4 3 3 2 1 1 1 1 
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TABLE 2.—Observed frequency of no-rain periods by duration in days, frequency of no-rain periods of various | expected on chance, and 
frequency of no-rain periods cumulated from the longest to shortest (20 seasons, 1927-47 
Length of no-rain periods in days 
65] 7 | 8 | 10] 12] 13] 14] 15] 16) 17] 19 | 20] 21 | 23 | 25 | 26 | 27 | 28 | 30 
Frequency expected on chance 185. 6) 122.8) 81.2) 53.7) 35.5) 23.5) 15.5) 10.3/ 6.8) 4.5) 3.0) 2.0) 1.3) .85) .56) .16) .11) .05) .03) .02) .01/<, 01/<. 01 
Observed cumulative total 
|174 [110 | 97 | 86 | 72 (65 |28 [23 [16 [13 [12 |8 | 71/6 | 6] 5/5 


and the periods longer than 9 days were on an average 
much more frequent. The longest period without rain 
recorded was 30 days. 

A further consideration of ogutin (1) shows that for 
commonly observed values of p and g, and m>r-+1, 
the ratio of the no-rain to the rain periods expected on 
chance approaches the geometric progression: 


frequency of no-rain periods of length r_ (2) (2) 
frequency of rain periods of length r 


As previously indicated for this study, p=%, and q=%; 


thus, 


A comparison of the ratios expected on chance and those 
actually observed is shown in table 3. The ratios ex- 
pected on chance increase much more rapidly than the 
observed ratios. Since the exponent of equation (2) is 
zero for r=2, this indicates that on a chance basis the 
frequency of periods of no-rain lasting 2 days is the same 
as the frequency of rain periods of the same length re- 
gardless of the climatological expectancy (within, of 
course, the limits of p and g for which the approximate 
relation (2) is valid). A comparison of the observed and 
expected ratios for this value of r shows that this condition 
is not attained by the actual data. 


TaBLeE 3.—Ratios of frequency of no-rain periods to frequency of 
rain periods expected on chance compared with observed ratios 


Days in period (r)......-- 1 2 3 4 5 6 7 8 9 10} ll 
Ratios ex onchance_| 0.5 1 2 4 16] 32) 64/ 128) 256 512 
rved ratios... ........ 67 |0.73 (0.97 | 1.4 /0,62 /0.92 | 2.8) 1.0 (6. 


FREQUENCY OF RAIN AND NO-RAIN PERIODS 
FOLLOWED BY THE SAME TYPE OF WEATHER 


From the accumulated values obtained from tables 1 
and 2, the percentage of times a period of a given type of 
weather (rain or no-rain) is followed by the same type of 
weather may be calculated. From table 1, for example, 
out of the 307 cases of a rain period of at least 1 day 
duration, 179 cases, or 58 percent, were of at least 2 days 
duration; 109 cases, or 36 percent, were of at least 3 days 
duration; etc. Of the 179 cases lasting 2 days or more, 
109, or 61 percent, lasted at least 3 days; 71 cases, or 40 
Percent, lasted at least 4 days; ete. Corresponding 


frequencies were obtained in a similar manner for the 
ho-rain periods. Data obtained in this manner were 


plotted for rain periods and no-rain periods, and lines of 
equal percentage frequencies were drawn (figs. 1 and 2), 
Percentage frequencies of a rain period or no-rain period 
continuing for 1,2, . .. days on a chance basis were 
entered at the tops of the respective graphs. 

Figures 1 and 2 show that the probabilit that existing 
weather at San Francisco will recur is considerably greater 
than would be expected by chance. The greatest prob- 
ability of a rain period continuing for at least one more 
day is attained following a rain period of 4 days duration 
with a value of 72 percent as compared to 33 percent ex- 
pected on chance. The greatest probability of rain 
continuing for at least two more days occurs following a 
rain period of 3 days. The probability here is 47 percent 
compared to 11 percent expected on chance. Figure 2 
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FicurE 1.— Graph showing isograms of percentage frequency of occurrence of a rain period 
of Nor more a fohowing vain M days. Numbers at top of graph give the 
probability of N consecutive rain days expected on chance. 
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PROBABILITY OF N GONSECUTIVE NO RAIN DAYS 
EXPECTED ON CHANCE 
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Ficure 2.—Graph showing isograms of percentage frequency of occurrence of no-rain 
period of N or more days following a no-rain period of M days. Numbers at top of graph 
give the probability of N consecutive no-rain days expected on chance. 


shows that the pecans probability of a no-rain period 
continuing for at least one more day is 90 percent attained 
following a no-rain period lasting 8 days; the probability 
expected on chance is 67 percent. Other combinations 
may be read from the two charts. Data for rain periods 
lasting longer than 8 days and no-rain periods lasting 
longer than about 13 days were insufficient to give satis- 
factorily consistent values for the frequencies. 


PERSISTENCY AS A FORECASTING AID 


Persistency, as defined in this paper, gives measure 
of the tendency in excess of chance for weather to continue 
unchanged, i.e., the probability of continuance obtained 
from the observed record minus the probability calculated 
for chance on the observed ratio of occurrence of the 
weather types. On this basis, persistency of rain may be 
obtained from figure 1 and no-rain from figure 2 for various 
values of M and N, with ZL equal to 1 (where M, N, and 
L are used as given in the definition of persistency, p. 304). 

In actual practice it is nece to forecast for the 
second or third day in the future without serine definite 
knowledge of the weather on the eagh ages ays. In 
other words L in the definition takes on values greater 
than1. In igure 3 persistency obtained from figure 1 for 
L and N equal to 1 was plotted to give the curve labeled 
I=1. Curves labeled L=2 and [= were drawn from 
data obtained from a further examination of the record 
(data not tabulated). This figure shows that persistenc 
reaches a maximum on the fifth day of a rain period wi 


a value of 39 percent. Expressed in a different way, if 
“today” is the fourth day of a rain period the over-all 
probability that it will rain “tomorrow” is 72 percent 
(from fig. 1), which, when reduced by the 33 percent 
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FIGURE 3.—Graph showing persistency of rain on first, second, and third days (Z=1, 2, 3) 
following a rain period of M days and corresponding skill score of a persistency forecast. 
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FIGURE ty: = showing persistency of no-rain on the first, second, and third - 
(L=1, 2, 3) following a no-rain period of M days and corresponding skill score of a 
persistency forecast. 


probability that it will rain “tomorrow” due to chance, 
gives 39 percent for the value of persistency. Under the 
same conditions, i. e., rain during the last 4 days, the 
probability that it will rain “the day after tomorrow,” 
without considering the weather “tomorrow,” is 48 per- 
cent as obtained from a study of the record. Reducing 
this, figure again by 33 percent, the probability of rain 
due. to chance, gives 15 percent, which is the value read 
from the curve labeled L=2 in the figure. Persistency 
existing for other situations may be taken from the figure. 

Corresponding curves for the no-rain periods are given 
in figure 4. It is of interest to note the small values of 

ersistency (in one case actually negative) which occur 
or the no-rain periods for small values of M. This fact 
may be interpreted to mean that a period of one or two 
no-rain days is not sufficient to establish a significant 
no-rain trend. It is not until a no-rain period has con- 
tinued for about 6 days that the persistency begins to 
approach the highest value; the maximum persistency 
appears to occur on the ninth day. 

It is of interest to compute the skill of “persistency fore- 
casts.”” With the development of objective forecast 
methods, the need for a measure of the success of a meth 
has led to the development and use of a specialized type 
of skill score. This score is designed to measure the resid- 
ual skill by the removal from consideration of those suc 
cessful forecasts which would have been successful on & 
chance basis even though the forecaster had no meteoro- 


SAILL SUURC, PENSISITENUT FUREVAST 


~Oo 


NovEMBER 1949 


logical information available. Thus, the forecaster is not 
given credit for the number of hits which would be at- 
tained with a purely random distribution of his forecasts 
throughout the month. On this basis for the determina- 
tion of skill, a persistency forecast will attain a worthwhile 
score. The skill score S, as generally used may be defined 


as follows: =o where C is the number of correct 


forecasts; E, the number of forecasts expected to be cor- 
rect due to chance; and 7' the total number of forecasts. 
Out of the 100 persistency forecasts, the percentage fre- 
quencies obtained from figures 1 and 2 give the number 
of correct forecasts, C, for those situations to which the 
charts apply. The number of correct forecasts out of 
100 expected to be correct due to chance, E,, is given by 
the percentage at the tops of the graphs. By our defini- 
tion, persistency is the difference between these two per- 
centages. Expressing persistency, P, as a decimal we 
may write the equality PT=C—E,, Hence, S= 
For N=1, the most common type of forecast, Z.= 7/3 for 
the rain cases at San Francisco, and for the no-rain cases 
E.=2T/3. Therefore, for the persistency rain forecasts, 
S.=3P/2, where P is expressed as a decimal; and for the 
persistency no-rain forecasts, similarly, S.=3P. 

It is seen therefore that, for a given value of N, the 
skill score may be obtained by multiplying the value of 

ersistency expressed as a decimal by a constant factor. 

ales giving the skill scores of persistency forecasts cor- 
Seaponiding to the persistencies indicated have been 
entered at the right-hand edges of figures 3 and 4. These 
figures indicate that for the number of days considered, 
the skill of persistency rain forecasts varies from about 
.10 up to .55, and for persistency no-rain forecasts from 
slightly negative values to about .70. 

An —— skill score for day-to-day persistency fore- 
casts may be obtained through a consideration of the 
average number of rain periods per month. For a 30-day 
month this number is about 3.8. Assuming a missed 
forecast at the beginning and end of each period, the total 
misses per a ooull be 7.6. Calculating the skill 
score on this basis gives: 


(830—7.6)—(%X10+% X20) _ 
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CONCLUSIONS 


1. Persistency is a very real meteorological phenomenon 
and deserves greater attention in the development of 
objective forecasting methods. 

2. The importance of persistency probably rests on the 
fact that there are obscure factors involved in weather 
situations which are beyond the scope of expression by 
common meteorological variables. Persistency gives a 
rough integrated value of all variables. In this respect, 
persistency may be considered as a meteorological variable. 

3. The study of persistency at a station provides the 
forecaster with an objective presentation which will aid 
him in evaluating the current weather trends. 

4. A knowledge of persistency is essential to evaluate 
ang the skill of a forecasting method as evidenced 

y the skill score. For example, the difference between 
the attained skill score and the score due to persistency 
gives an indication of the ability of the method to fore- 
cast changes. If this difference is negative the method 
is not showing worthwhile skill. 


REFERENCES 


1. E. M. Vernon, “An Objective Method of Forecasting 
Precipitation 24-48 Hours in Advance at San 
Francisco, Calif.,”” Monthly Weather Review, vol. 75, 
No. 11, November 1947, pp. 211-219. 

2. E. V. Newnham, “The Persistence of Wet and Dry 
Weather,” Quarterly Journal of the Royal Meteoro- 
logical Society, vol. 42, No. 179, July 1916, pp. 
153-162. 

. L. Besson, “On the Probability of Rain,” Monthly 
Weather Review, vol. 52, No. 6, June 1924, p. 308. 

4. T. A. Blair, “The Coefficient of Persistence,’’ Monthly 
Weather Review, vol. 52, No. 7, July 1924, p. 350. 

. G. Blumenstock, Jr., “Drought in the United States 
Analyzed by Means of the sim | of Probability,” 
Technical Builetin No. 819, U. S. Department of 
Agriculture, April 1942. 

. W. G. Cochran, “An Extension of Gold’s Method of 
Examining the Apparent Persistence of One Type 
of Weather,” Quarterly Journal of the Royal Meteor- 
ological Society, vol. 64, No. 277, October 1938, 
pp. 631-634. 


o 


| 
4 
a 
| 


¥ 
“ 
‘ 
‘ 
| 
‘ 
| 


y in 


9 
3 


City, Kans. 


ade, and relative humidit 


ees cent 


degr 


re im 


during November 1949 


atu’ 


| 
= 

jo JequInN 

éypramy eanepy | | 
ph 

jo JoquInN 
| 


ic meters, tem 


mc 


Mo. 


Columbia, 
(987.1 mb.) 
16, 266) —65. 


a 


7 


(978.9 mb.) 
472) —30. 


17, 
19, 


16 
5 


Ciudad Victoria, Mex. 


| | 


(1,014.5 mb.) 


Charleston, 8. C. 


nits of 0.98 dyna 


‘ ‘ ‘ 
8) 


Maine 


od 


AEROLOGICAL OBSERVATIONS 
pressures, as obtained by radios 
STATIONS AND MEAN SURFACE PRESSURES 


nm 


MONTHLY WEATHER REVIEW 


(For description of change in Table 1 and charts, see REVIEW, January 1946, p. 6] 


percent, for sta 


ight 


—3. 


(987.3 mb.) 


Caribou 


(— mb.) 


Camaguey, Cuba ! 


METEOROLOGICAL AND CLIMATOLOGICAL DATA FOR NOVEMBER 1949 


Taste 1.—Mean dynamic 


NOVEMBER 1949 


jo | 
Ayprang 
5 
SUO}}BA 
<_| jo 
B 
-Iasqo JO Joaquin. 


| 


a] 


See footnotes at end of table. 


0... 


309 
Atlanta, Ga. Big 8 Tex. B 
(980.0 mb.) ( 
2 
Standard | 3 
Surface. 300 0} 69} 774] 12.5] 30 
| 025 0} 1,058 8} 30] 30 
| 30! 1,543 0} 29] 30 
| 2,051 0} 30 
| 30} 2, 592 9} 27| 30) 
| 30] 3,151 7| 241 30 
| — 30| 3, 755) 0} 30) 
| — 30] 4,390) 3|....| 30 
| 30| 5,073 30 
344|—27 30| 30 
29] 27] 8, 430!|—32.9 30, 292) —34. 30) 8, 30) 
29] 27) 9,495)—41.1 30} 9, 355|—41. 29} 29) 
28} 26] 10, 708|—49.7 30| 10, 27] 28] 1¢ 
26} 24] 12, 132]—57. 5 30] 12, 21} 28] 1 
26} 21] 12, 963|—60. 4 30| 12, 21) 26| 13 
150............| 18] 15] 13, 921]—62.9 28| 21! 22! 1: : 
16| 10) 15, 020|—67. 5 25| 14, 17] 15,061/—67.3|_-..| 19] 1 
11] 5} 16, 330|—70.0 2} 16, 9} 12) 16 
(984.4 mb.) 
30 7| 85 | 30 18} 10.5 30 
—5.7| 72| 30| (495) 8.2] 30 
—8.9| 60} 30) 9527; 3.8) 30 : 
12.6] —13.5| 56) 30| —1.6 29 
467|—52.9|-.--| 17] 13, 25 
1 10} 11] 19 


2 
5 ped TELEL 
Shige 
\ Sees 


( 
| 


311 
y in 


iit 


3 


(1,010.8 mb.) 


Washington, D. C. 


Secon 
(ase = 


y at levels with 


tgrade, and relative humidit 


Phoenix, Ariz. 
(977.0 mb.) 


RSSHAARA 

SRE 


of relative humidit 


Toledo, Obio 
(988.7 mb.) 


degrees 


mn 


JO 


SUOTIBA 
jo 
S 
32 ses 
aS 
° 
SUO}}BA 


Tatoosh Island, 


Wash, (1,010.5 mb.) 


Upper air values 


temperature 


Ay plang 


y, Okla. 
) 


meters 


ynamic 


| 


Tex. 


its of 0.98 d 


im un 


5. 
7. 
5. 
2. 
1. 
9. 
7 
4 
1 
1 
—6. 0j.... 


beginning with Oct. 1, 1948, are computed and expressed in these tables on the basis of 


the vapor pressure over water. 


MONTHLY WEATHER REVIEW 


tential) 


for standard pressures, as obtained by radiosondes during November 1949—Continued 


height (geopo 


mic 
percent, 


11} 17, 726|—70. 


26| 10, 768|—45.8|___- 


15) 16, 419 


—77.0)...- 


17, 750 


| | | | | | | 22 | 
52 | | | | BERESE | 


received. 


TaBLe 1.—Mean dyna 


N 


Surface. ......- 
900 
850 
800 


Surface.-...... 


: 


650 
600 
550 
500 
450 


yet 
changed 


3 Elevation 
(*) Tem 


1 Data not 


occurring below the 
ent see article 


and expressed on the basis of 
rvations are obtained by e 


based on less than 15 observations st 


lanation of the 
the surface or 5 observations at a standard pressure level. 


For ex 


ustm 
of Relntive p. 241, 


usted to compensate for the values 


element. 


ave been com 
umidity o 
tai 


ll relative 


range of the 
urve Method for O 


r pressure over ice. A 
‘Cc 


po! 


peratures less then 0° C. h 
ting 


tem 
the va 
hy: 
opera’ 
None of the means included in these tables are 


grometer and have been adj 
MONTHLY WEATHER REVIEW, Decem 


pressure surfaces 
Relative humidity data 


tion of Radio- 
t at Ciudad 
Number of entitled 
or 
surfaces of some obser- 


WEATHER REVIEW. 


standard 


(In a few cases tem 


for this level are not available or are 
blished 
low —20° C. 


tandard 


t only. 


between 0300 and 0500, G. C. T. excep 
are taken near 0200, G. C. T. “ 


See note entitled ‘Change in Summariza: 
1946 issue of the MONTHLY 
dynamic heigh 


data may be missing for one or more s' 


) Relative humidity data are not 


humidity data 


from 15 to 19 meters on Nov. 9, 
where they 


6, in the Jan 


servations scheduled 


p. 


y for certain days. 


Nort.—All 


sonde Da’ 
observ 


perature and relative 


available onl 


&@ corresponding mean temperature 


ictoria, Mazatlan and Merida, 
ations” refers to those of 


humidity 
vations, 
having 


Movember 1949 
Pittsburgh, Pa. 
| | (967.4 mb.) 
i¢ 
| 
Else i 
| 
| 16.1) 50 4.6) 72 
| 24.2) 25) 30) 4.8) 68 
| 21.5) 22) 67 
| 18.1) 22 6 
| 14.5) 24 1,913) —2.1] 60 
| 10.8) 24 2,431] —4.3) 53 
| 7.4) 21 2,964) —6.9| 54 
3, 548|—10.0) 50 
—.8|-...] 30} 4,152|—13.6) 48 
13} —5.7|--..| 30} 4,813/—17.5) 43 
bit 53|—10. 9} 5, —21. 6|___. 
-.-| 28} 27] 28] : 
— 11,909}—56.0)....| 25] 12, 205|—57.0]....| 21} 11, 
4 -.-| 26} 12,755|—57.1)....| 23] 19] 12,624|—54.3]__ 
4 -.-| 21] 11) 16,452)—69. 5)... 
San Juan, P. R.* Santa Maria, Calif. Sault Ste. Marie . 
(1,011.8 mb.) (1,009.8 mb.) Mich, (983.0 mb.) 
22 30 30| -0.8| 80 
29 30 
30 
2 1, 30 30 
2) | 29) 1, 30 30; 1, 
29) 2, 30 30) 1, 
3 29} 2, 30; 4 30} 2, 
29} 3, 30) 30) 2, 
Tite 3, 30) 30} 3, 
r4 | 4, 30 30) 4, 
29) 5, 30) 30] 4, 
---| 2) 8, 29 28) 7, 
---| 27} 10, 29) 26) 10, ‘ 
at’ 27) 1: 23) 11, 
“4 2% 13, 25) 1: 19} 12, 
---| 25} 14, 25) 1: 13, 
---| 22) 15, 19| 1 9| 14, 
4 ---| 18} 16, 516|—78.9....| 16) 
10. 30 191} 3.4) 81} 30 | 64 
10. 30} 519} 72 | 5A 
8. 30} 953) 69) 30) 60 
1, 5. 30| 1,411) —1.1) 63 61 
2. 30] 1,803] —2.8} 58] 30 60) 
2, | 30) 2,411] —5.2) 54) 30 | 87 
3, —3. 30} 2,942) —7.8) 54] 30 | 53 
3, —6, 30| 3,525|\—10.7) 54) 30 | 48 
4, —10. | 29] 4,129\—14.3| 50] 29 | 4 
4, —14. | 20) 4,788/—18.6] 47) 29 | 43 
€ 5, — 19. | 29] 5, 20 | 37 
6, —24. 29| 6, 29 
7, —30. 28| +7, 29 
8, —36. 28} 8, 013|—39.9)....| 29 5 
_.-| 26) 9,061/—44.9)....| 29) 165|—44. 0}... . 
..-| 25} 10, 26) 10, 29) 10,371/—49. 
20} 25} 11, 29) 11, 818|—53. 
19) 12, 762}—56.2|....| 22] 12, 572|—53.3]....| 20) 12,674)—55. 3)_... 
16} 13, 762}—56.7|....| 20} 13, 578|—56.1|....| 27] 
|... 20) —73. 18? 16, 146|—61.9)....| 265] 16, 188/—61. 8).... 
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RIVER STAGES AND FLOODS FOR NOVEMBER 1949 


Severe floods occurred in the Pacific Northwest a 
the latter part of November causing the loss of sev 
lives and considerable damage. Very little flooding oc- 
curred elsewhere in the United States. It was quite a 
contrast to 1 year ago when floods were much more general 
and severe. 

Atlantic Slope drainage.—Precipitation averaged below 
normal along the Atlantic Slope during November except 
in the extreme northern portion and at a few scattered 
points. It was the driest November since 1936 in portions 
of the Delaware and Schuylkill River Basins with stages 
remaining low throughout the month. 

Heavy rains (3 to 4 inches) occurred over eastern North 
Carolina from October 29 through November 1, causing 
overflows on the Cape Fear, Neuse, and Roanoke Rivers. 

The heavy rains over the Yadkin-Pee Dee River Basin 
on the Ist caused light flooding on the Pee Dee River at 
Cheraw and Pee Dee, S. C., but no property damage 
occurred. 

Ohio Basin.—Flood stage was reached but not exceeded 
on the West Branch of the Monongahela at Weston, 
W. Va., on the 29th due to heavy rains (1.75 inches) over 
the headwaters on the 28th. The French Broad River 
exceeded flood stage slightly at Asheville, N. C., on the 
a and 2d due to heavy rains on October 31 and Novem- 

al 

Flood stages were reached on the Tennessee River at 
Whitesburg, Ala., and on the South Chickamauga Creek 
at Chickamauga, Tenn., due to the heavy rains during 
the last week in October. No damages resulted. 

Puget Sound and Washington Coast drainage.—The 
worst flood in 28 years occurred in the lower Skagit Valley 
from the 27th to the 28th. It was due to heavy rains that 
began on the 23d, continuing through the night of the 
26-27th. During the 5-day period 11.2 inches of rain 
were recorded in the upper Skagit, with 4.5 inches of it 
occurring during the last 24 hours. Snow-melt was not 
an appreciable lectee and rainfall averaged considerably 
less than 1 inch per day in the lower valleys. All of the 


streams in western Washington were near or somewhat 
above flood stage by the 27th, but extensive damage oc- 
curred only in the lower Skagit Valley. One of the 
hardest hit towns in this valley since 1921 was Hamilton. 


In the Snohomish Valley, this flood was the greatest since 
1934. Considerable damage resulted and several lives 
were lost. 
FLOOD STAGE REPORT FOR NOVEMBER 1949 
[All dates in November unless otherwise specified] 


Above flood stages— 
Flood mes 
River and station stage |— 
From— To— Stage | Date 
ATLANTIC SLOPE DRAINAGE 
Feet Feet 
31 1 5] 388 3 
Scotland Neck, N. C............... 8 3 7| 314 5 
ES 10 4 14 11.6 9 
Neuse: 
ee 14 2 5 16.5 4 
13 2 6 15.7 5 
Cape Fear: 
Fayetteville, N. C__..............- 35 3 3 36.4 3 
P Lock No. 2, Elizabethtown, N. C_- 20 1 6 28.5 4 
ee 
2 34.0 2 
19 4 10 21.3 7 
MISSISSIPPI SYSTEM 
Ohio Basin 
West Fork: Weston, W. Va____._______ 17 29 29 17.0 y.] 
French Broad: Ashe ‘5 Sea 6 1 2 7.3 1 
WEST GULF OF MEXICO DRAINAGE 
Sabine: 
14 | Oct. 25 2 17.4 | Oct. 2 
26 | Oct. 30 7 31.8 2 
PACIFIC SLOPE DRAINAGE 
Columbia Basin 
Santiam: Jefferson, 13 27 14.6 
Chehalis Basin 
Satsop: Satsop, Wash.................. 34 27 27 34.6 7 
Chehalis: Grand Mound , Wash.--..._- 12.5 2 29 13.4 B 
Puget Sound 
Snoqualmie: Tolt, Wash_-...........-- 51.5 27 28 54.2 B 
Skagit: 
Mount Vernon, Wash_...........-- 22 27 28 27.7 B 
Nooksack: Deming, Wash-----__.-.--- 25 27 27 26.7 7 
1 Provisional. 
2 Highest of record. 
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In the followi 


dates o 


table are given for the various sections 
of the climatological service of the Weather Bureau the 
monthly average temperature and total rainfall; the sta- 
tions os the highest and lowest temperatures, with 

the stations reporting the greatest 
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CLIMATOLOGICAL DATA FOR NOVEMBER 1949 
CONDENSED CLIMATOLOGICAL SUMMARY OF TEMPERATURE AND PRECIPITATION BY SECTIONS 


by the several headings. 


[For description of tables and charts, see Review, January 1943, p. 15] 


lowest temperatures, the average precipitation, and the 
greatest and least monthly amounts are found by using 
all trustworthy records available. 
The mean departures from normal temperatures and 
pina, are based only on records from stations that 
ve 10 or more years of observations. Of course, the 
number of such records is smaller than the total number 


The mean temperature for each section, the highest and of stations. 
Temperature Precipitation 
: Monthly extremes Greatest monthly Least monthly 
Section 
a 
: Station Station Station 
HE i 
°F. |°F. In.| In. In, 
55.3) +5.4] 3 13] Fort Valley_........-- 12|| .33) —.63 5 stations.............. 0.00 
California........... 56. +4. 5) 3 15) 1.68) —. 36 § stations.............. .00 
Colorado............ 42.9} +7.8) Box 1 24) —. 55 S .00 
62.1) —2.9) 3 11) Milton Exp. Sta..-.._- 1.86) —.35 Okeechobee 9 W 30 
53.1) —2.3] 2 12) Blairsville Exp. Sta-_- 1.08|—1. 61 Fort T 
40.9) +5. 11|| 1.87} —.08 Grand View........... .02 
44.2) +1.8) 5 110] 26|| .67/—1.95 
41.7| +4.3) 2 17| New .49/—1. 23 6 stations.............-. .00 
48.9] +5.8] Coldwater. .15|—1.10 20 stations............./ .00 
Kentucky -.......... 45.4) —1.1] Beaver 11] Shelbyville 2 W______- 1. 82|—1. 62 Covi mWBAP...| .43 
58. —.7| Camp Polk. 22|| .34)—3.76 11 stations.............| .@0 
Michigan........... 35.1 Dowaigiac 2 2.25) —. 24 Monroe Water Works.| .68 
54.8] —.4) £11] Pontotoc.............- 22|| .39|—3. 46 00 
47.6) +3.1| 22|| .45|—2. 28 -00 
Nebraska... ........ 45.4) +8.1) Central .17| —.62 00 
47.0} +7.1| Lathrop Wells. 17|| .52) —.12 00 
New 36.7| —1.4] 3 3.13) —. 46) 86 
New Mexico......--| 47.7] +4.8] 18] Selsor Ranch......_._- 12 00 
36.4) —1.9) 11} Gouverneur 27|| 2.69) —.38 8 
49.4) —.7| New Mount Mitchell... ___- 22|| 2.87) +.07 
37. 1)+-10.3 7| Pembina .30) —.31 . 00 
42.4) Hillsboro 122)) 1.47|—1. 22 30 
53.1) +3.3) 22); .13/—1.89 .00 
44.9) +4.7 19|| 3.84) —. 04 
40. —.8 12] Kane 1 NNE... 26)) 1.77)—1.13 
52.1) —1.9 Caesar’s Head_- 19}| 2.28) —.08 
42.4) +9.3 28} Deerfield Dam_ .24) —.42 .00 
47.6) —1.0 1 22/| 1. 25|—2. 40 Memphis substation..| .21 
58. 5) +1.4) +.13/—1.99 stations...........- 
43.1] +. 60} Zion National Park___ @ .50) —.24 .00 
46.5) 3 11] Big Meadows- 2. —.49 Amissville 46 
44.7 i 2} Bumping 5.95) +. 82 Kennewick............ 1.00 
42.2} +1.1] Morgantown No. 12] Cranberry. ........... 24|| 2.64) —.14 8 
35. 5] +2. 0) 7| Crivitz Highfalls_____- 1.20) —. 72 Baraboo Water Works| .34 
40.3) +8.9 6| Quaking Aspen Creek. 20|| +.36) —. 42 .00 
70.4) —1.8 12 alenkala It 16|| 6.34) —.17 .00 
76.0) —.6 25|| 4. 55|—2. San Francisco... 82 
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CLIMATOLOGICAL DATA FOR WEATHER BUREAU STATIONS FOR NOVEMBER 1949—Continued 
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NovEMBER 1949 


Winnemucca *___ 
Salt Lake City ?_/4, 
Grand Junction?_/4, 


Seattle #......... 


Tatoosh Island_- 


West INDIES 
San Juan, P. R_- 


ALASKA 


m Island_._ 
Wake Island ____ 


Hawan 


Honolulu 


Paciric AREA 
Canto 


> 
ail 
Bae 
bie 


riginal elevation for homogeneity. These elevations do not 


@ present station elevation in most 


Pressure is reduced to the o 


from airport records. Pressures adjusted to original elevations according to 
metric, hygrometric, wind, character of day, and average cloudiness data from 


established since Jan. 1, 1900. When station is moved to new location or airport, the 
records; remainder from city office records. 


Height of barometer cistern above mean sea level on Jan. 1, 1900, or when station was 


1 
first 


resent th 
Data are 


has been substituted for “Average cloudiness” to 


in addition to clouds that obscure the sky. 


conversion. 
Nore.—Uniess otherwise indicated, data in table are city office records. 


necessary conv 
7 As of Jan. 1, 1949, “Sky cover” 
include smoke, snow, etc., 


bined without 


trie and hygrometric data from airport records, remainder from city office 


868122—50—2 — 


Baro 
airport 

Barome 
Tecords. 


hote 1. 


Elevation o Character | 
(sunrise to 
mile 
| | | 
| | | : | 
ial = 
MIDDLE m. 
PLATEAU Ft. | Ft.| Ft.| Mbs. | Mobs. | Mbs. °F) In. | In. |p. h. 
Ely 262] 8] 41) +87} 3| 14/11) —.2 1} 0} 1.1] 43] se. | 9] 16) 6| 4.0l79 
2 20) 866. 9/1, 022.0) +1.0 +4. 5 3} 18] 5| 619) 28/64) 1.28) +.6 3 1.0 0| 3.0) ssw. | 47) s. 9| 16) 6) 4.0/79 
9} 5) 56) 873.0)1,022.3) —.1 +5.2| 74| 2) 15/22) 638 6/56) .46) —.2 4 7.0)......| 42] sw. 9} 13) 8 4. 5/76 
357) 32) 58) 877. 4/1, 023.8) +2.5 +-4.9) 68/26) 26/22) 624) 34 3 0} T 7.5) sse. | se. 10} 15} 8} 41/79 
602) 5) 26) 867. 3/1, 024.6) +5.0 +-5.1) 65) 2} 24/12) 620) 6/56, .15) —.4 5 T 5.4) e. Se. 10} 19} 4) 3.3 
NORTHERN 
PLATEAU 
5.4 6} 2.01) +. 
Baker 471} 36] 54 1,023.2; +.8 +7.0) 69 1.43) +. se. sw. 9} 7| 14) 
Meacham... 7| 28 1,021, 2)_____- ----| 68| 1] 26 32/68) 5.31)... O49) O ese. 8} 6| 16) 
Boise 789} 5] 49 1,022.8} —.2 9} 70/27} 22 34/69) 1.40) +. ST 0 se. | 37| nw. | 8] 12) 
Lewiston_____.__|1, 436} 4) 23 (1,020, ----| 65/25} 29 38)79) 1. 42). 11} O 
Pocatello *___..__|4,478} 5) 31 11,023. 5) +1.5 +-8.3; 65) 6) 21 30/68) .76) —. 0 sw. | 42) w. 27; 12) 6 1 0\67 
Ellensburg #___._|1,735} 5} 58 11,020, +-4.6) 64 26) 36/88) 1.92) +. T 0 e. el 
Spokane ?_______|1,929} 6) 51 1, 020.3} —1.0 +-2.7) 5| 26 36/83) 2.28) +. 0} 1) 3. 0 ne. | 54) sw. | 27; 6) 3] 21 5)31 
Walla Walla... 991| 57| 65 1, 020.3} —1.0 5.0! 70 34 ---|--| 2.08 ll} 1) 8. 30) sw. | 5| 7| 18) 92/35 
Yakima 4) 6 1,020.0) —1.3 5.4) 69) 2) 26 36/80) 1.50) +. ll 5 
NortH PAaciFic 
Coast 
North Head.._...} 211] 5) 55/1, , 015. 6) —2.4 5.0) 74) 1 
125) 90/321)1, 016. 6} —2. 0) 4.7 0 
194/172) 20111, , 016.6} —1.7 6.2) 69) 4 
86) 61/1, , 014.5) —2.1 5.1) 64 
Burns 162] 35) 47) 877. 1/1, 021. 70) 1) 2 
Eugene 433] 4) 35/1, 005. 1/1, 018. 
Medford 2_______|1,329} 29} 58} 972.6)1,021.0} 57] 35] 45.7) +1.8] 75 2 
Portland, Oreg.4_| 68/106)1,016. 9/1,018.1) —1. 5} 60) 46) 52.8 3 
Roseburg........| 510) 45) 76}1, 000. 3/1, 019. 61) 43) 51.7 
Paciric 
Coast 
57.4] 4-3. 
Eureka.._._..... et 88}1, O17. 62 54.4) +3.3) 69/1 
Red Bluff 353) 5} 26/1,006.4/1,018.8) —1.5 45) 58.3) +4.5) 93) 1) 3 
Sacramento ¢____| 66} —.3) 68 57.1 4) 4 
San Francisco 4..| 018. 6/1,018.9| —.4| 67) 52) 59.8) 5} 80) 4) 
SourH Pactric 
Coast 
Los Angeles ¢____ 79 95| 3 
6) 44 ....-| 33] 19 50} 21 
113} 5) 53 ....-| 50} 41 63) 2) 3 
9} 27) 2 30) 2}—2) 
28} +5) 31 45/21) — 
| 45} 32 _....-| 41] 2 55/22 
32} 32 37|22 
80} 6) 30) 43] 35 56} 2 
20) 5) 31 38/21 
341] 5) 31 20 47|21 
22) 10) 75 44/20 
718} &| 32 9] —4 1 
8} 4) 39 42| 7 
31) 5) 50 Te 32 53/22 
12}__ 009. 009. 89) 78) 83 93) 3 
O15. 6)1, 015. 9)_.....| 84 6} 80 87| 4 
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SEVERE STORMS FOR NOVEMBER 1949 
[The table hereunder contains such data as has been received concerning severe storms that occurred during the month] 


Place 


Date 


Time 


of pa’ 
yards 


y 


Character of storm 


Remarks 


Carteret County, N. 


San Francisco Bay Area, 
Calif. 


St, Joseph, Moe... 


Winneconne (near), 
Milinois, central portion 


, Volusia County, 

a. 

Ohio, northeastern counties-- 
Hackneyville (near), 8 miles 


west of Alexander City, 
Tallapoosa County, Ala. 


Fairview - Easley - Oneonta- 
Tate’s Gap, Blount Coun- 
ty, Ala. 


De Kalb County, 
Bluefield, W. 


Great Falls, Mont.....------ 


Underwood, McLean Coun- 
N. Dak 


Washington, counties bor- 
dering Puget Sound on 
east, San Juan Islands, 
and south coast of Straits 
Juan de Fuca. 


Washington, southeastern 
and extreme east-central 
counties. 


Idaho, northern counties. 


Gallatin County, Mont. --._- 


Pleasant Valley, 
Geraldine, 


Sheridan and Johnson Coun- 
ties, Wyo, 


ll 


17-18 


88 


100 


131, 000 


Rains and winds-_--- 


Wind and rain... 


Damage to boats and fishing nets expected to run into thousan 
dollars. Severalsmall boatssunk. A commercial boat dashed rm Ae 
highway bridge and damaged & 

Heavy rains and strong winds caused floods in some districts of Marin 
and San Mateo Counties. Strong winds blew down power lines and 
snapped trees. Manhole covers pushed up throughout San Fran- 
cisco, and minor floods in virtually all areas of city. Basement rooms 
in some districts flooded. Gushing water stalled traffic through Fe 
Terminal Underpass in San Francisco. At Edgemar a pick-up truc 
blown across highway and plunged down 25-foot bank. Sliding dirt 
and sand cut traffic at scattered points. Numerous plate glass win- 
dows broken by falling branches, etc. 

Two large warehouses demolished. Roof of 1 small building blown off 
and portion of another building blown down. Damage to above 

roperty $25,000; $3,000 to light wires and $2,000 to telephone lines, 
bris carried 4% mile. No cloud observed due to darkness, but 
apparently a tornado. Heavy rain, thunderstorm, hail, and gusts 
up to 52 m. p. h. at Weather Bureau Office, 3 miles north of storm 


damage. 

Duck hunter on Lake rom struck and killed by lightning. 

Brief but violent wind squalls hit several localities in Sangamon, Logan, 
Macon, Christian, Shelby, and Moultrie Counties. ajor damage 
to new aluminum corn storage bins, about 100 bins being damaged or 
destroyed. Several trees downed in Springfield, breaking communica- 
tion wires and damaging an automobile. 

Moved north or northeastward; broke 9g B= in a store front, 
wrecked some packing sheds and fern . No injuries to persons. 
Numerous traffic accidents; 9 inches of snow at Cleveland, 8 at Elyria, 

and 6 at Chardon. 

Near Hackneyville, in Camp Ground community, over path about 3 
miles long. Storm moved eastward, destroyed 2 houses. 1 house, in 
which were 10 persons, was lifted into the air and smashed into second 
house about 150 yards away, killing all 10 occupants. 10 other persons 
were in second house which was also destroyed, but they were unburt 

Storm moving eastward a first at Fairview, west of Easivy 
which is 6 miles west of Oneonta. 3 persons killed at Easley and 
another died as result of injuries when storm hit northern outskirts 
of Oneonta. Tornado moved to Tate’s Gap before lifting, making a 
path about 15 miles long. 44 persons injured. 84 buildings damaged, 
of which 32 completely destroyed. $5,000 worth of crops in storage 

ornado moving eastward struck top o ge at Henagar. 5 persons 
injured. 3 homes destroyed. 

Tower of Radio Station WHIS struck by lightning, destroying tuning 
element and burning out power circuits; within transmitter house 
‘acy from tower, junction box for telephone connections 

urned out. 

By 11:10 a. m. peaks of gusts reached 60 m. p. h.; frequent gusts of 75 
m. p. h.; highest gust of 80 m. p. h. about 2:50 p. m. A few small 
buildings blown down; roofs of some houses and signboards dam- 
aged; 2 large windows blown out; a few planes damaged. 

Damage to roofs. 


Sporadic, but widespread damage to roof structures and plate-glass 
windows. More general damage to power transmission and tele- 
— lines, especially from falling trees; hundreds of lines down 

veral small marine craft driven aground, but all later refloated. 
Much disruption of highway and street traffic by fallen trees and 
other objects caused by wind or local wash-outs. 1 death by electro- 
cution; 3 traffic fatalities on disrupted er including drowning 
of man, when his auto fae into Snohomish River southwest of 
Puget Sound. Bulk of damage on immediate east shore of Puget 
Sound, from Thurston County north to Bellingham area. 

Much of greater part of damage occurred at Spokane, loss being about 
$200,000 for city and vicinity. At that place an 826-foot radio tower, 
Station KHQ, snapped at half height and demolished. Some 4,500 
street lamps burned out by short circuits, 2,000 telephone house con- 
nections destroyed, and many thousands of intercommunication 

. Some structural damage to houses and roofs. Trees uprooted, 
and street and highway travel impeded. Less damage south to Pull- 
man and Richland and west across Lincoln County, although soil 
erosion damage in Fa of that county unestimated. (See article on 
River Stages and Flood in this publication.) 

Unusually high winds in nearly all communities of Idaho Panhandle, 
but major damage concentrated in vicinity of Coeur d’Alene. Hay- 
den Lakes County Club suffered $200,000 damage to buildings and 

‘olf course; 35 large pine trees uprooted onto fairways. Other damage 
area to many fine summer homes, commercial timber (loss esti- 
mated at $100,000), automobiles, plate glass windows, and power 
telephone lines. Peak of storm occurred at 4 a. m. in this area. In- 
terruption of electric power and telephone service in Moscow, St. 
Maries, Wallace, Kellogg, and Priest River, and estimated s' 
amount of damage to commercial timber near St. Maries. Heavy 
rains accompanied winds at several places, but little damage by 
Tops blown off haystacks, resulting in $500 loss. Roofs blown off 3 
eds. Rural telephone service out of order. In Bozeman se 
plate glass windows broken, Christmas decorations torn down, & 
trailer house upset, and shingles torn from roofs. 

Much damage to timber, fences, and irrigating flumes. 

A hangar wrecked, crushing wings of plane; power lines blown down; 
several sheds toppled. Hay stored in sheds blown away. 

Strong winds along east slope of Big Horn Mountains, with speed of # 
m. p. h. at Sheridan Airport and gusts to 96. Large section of 8 
hangar roof blew off, Weather Bureau wind instruments 


and 5 planes stored in hangar, 1 pilotslightly injured. Other damage 
occurred in city of Sheridan, such as damage to roofs and trees. Esti- 
mated damage in Sheridan and at Sheridan Ai t $25,000. Damage 
at the Buffalo Airport reported 
hay blown away. 


estimated at $20,000. ranchers 


lags 
| 8:28 p. 0 $30,000 | | 
] 
24 | 4:30 p. 100 10 3,000 | 
24 | 5:15-5:30 p. = 4 | - 
1 5,000 | Electrical... -.......- 
26-27 | Early a. m. |__....... 4 0) 
26th and 
continuing. 
26-27 | Evening 26th 500,000 | 
to morning 
27th. 
p. m. 
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SEVERE STORMS FOR NOVEMBER—Continued 


Place 


Date 


Time 


Value of 


distroyed 


Character of storm 


Remarks 


Great Falls. 


Polebridge, 
Hunger orse, Mont- 
West Glacier, Mont ee 


Farmer instantly killed when high wind pronies wall ofa barn on him. 

$1,800 damage to Liberty Theatre. A wind speed of 78 m. p. h. 
recorded, with gusts over 90 m, p, h. 

Many trees blown down, blockin: roads. 

Many trees uprooted, roofs torn off buildi , and signs damaged, 

trees broken and blown over, bloc ing many mountain roads 

and Government trails, Telephone and power lines out of order be- 
cause of fallen trees, 


Fort Benton, Mont_........- 30,000 Haystacks blown over; barns, roofs, and many small buildings dam- 
_— Roof blown off a large barn. Considerable damage to power 
Kings Hill, A haystack set on fire by lightni 
Townsend, Mont..........-- New sluminum machine shed blown down 8 miles southeast of Town- 
sen 
Cut Bank, Winds of 9 m. p. h., with gusts to 105 m. p. h., ripped ehj neys from 
houses and blew down trailer houses, garages, and onal | buildings. 
Cars blown off roads, 
anc ran over him 
Heron, Mont..............-- Rain and wind... ... Heavy rain nearing cloudburst proportions followed by very high wind 
damaged old buildings; 10ofs Blown off throughout valley. lectrie 
power and telephone lines disrupted. 
Madisonville, Hopkins Wind, hail, electri- | Heavy hailstorm, with stones ranging from }4 to 1 inch in diameter, 
County, Ky. cal, and rain. caused as ‘in area of 75 sq. mi, State police radio station struck 
by igh ~ burned out. estimated at at several] hundred 
LATE REPORT FOR MAY 1949 
Mount Pleasant, Miss_.....- 0 15,000 | Tornado. 


1 person injured; 1 home and 6 other buildings destroyed; 14 buildings 
damaged, 


| Loss| | 
| of path, . 
yerds’| iio | 
| 
} 
j 
| 
} 
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SOLAR RADIATION DATA FOR NOVEMBER 1949 


Explanation of tables 1 and 2 and references to descrip- 
tions of instruments, stations, and methods of observation, 
and to summaries of data, are given in the MonrHiy 
Wearuer Review, volume 72, No. 1, January 1944, page 
43. A list of pyrheliometric stations is given on page 45 
of that issue. ji explanation of the formula used in com- 
puting the air mass values for each station listed in table 
1 appears in volume 75, No. 3, March 1947, page 47. 

eginning with this issue, publication of the values of 
daily totals and weekly means of solar and sky radiation 
received on a horizontal surface at Amherst, Mass., will 
be included regularly in table 2. The station is located 
at the University of Massachusetts, and the program is 
under the direct supervision of Dr. H. N. Stapleton, re- 
search engineer. Coordinates of the station are: Latitude 
42°24’ N.; longitude 72°32’ W.; elevation 89.6 meters m. 
s.1. An Eppley 180° pyrheliometer and Brown strip-chart 
recorder are used. Some brief but unimportant shading of 
the pyrheliometer is caused by a smokestack located about 
200 yards to the south, and smoke therefrom produces 
slight pollution of an otherwise unusually clear atmosphere. 


TaBLE 1.—Solar radiation intensities during November 1949 
{Gram calories per minute per square centimeter of normal surface] 


Sun’s zenith distance 
Vapor 
Date A.M. 
7:30 | 1:39 
78.7° | 75.7° | 70.7° | 60.0° 60.0° | 70.7° | 75.7° | 78.7° la. m.!{p. m.t 
MADISON, WIS. 
Air mass 
4.81 | 3.84 | 2.88 | 1.92 | *0.96 | 1.92 | 2.88 | 3.84 | 4.81 
November Mb. | Mb. 
-76 | .00/ 1.03 | 1.18 |...-... 5.3 8.7 
Depart 1+. 05 |+.03 |—.02 |—.12 
LINCOLN, NEBR. 
Air mass 
4.77 | 3.81 | 2.86 | 1.91 | 90.95) 1.91 | 2.86 | 3.81 | 4.77 
Mb. | Mb. 
1.05 | 0.92 | 0.83] 6.4 3.2 
1.01 | .88| .82] 3.3 6.1 
-99| .86] .73| 7.2 8.7 
. 94 -79| .70| 4.0 6.1 
1.01 -88 | .77| 6.9 7.4 
1.12} .99| 3.7 3.3 
1.09; .88! 3.2 3.0 
1.14 | 1.01 -90 | 2.6 3.3 
1.07} 2.9 42 
3.8 
—.11 |—.11 |—. 09 


TABLE 1.—Solar radiation intensities during November 1949—Con, 


Sun’s zenith distance 
Vapor 
pressure 
Date A.M. 
~~} 0.0° 
78.7° | 75.7° | 70.7° | 60.0° 60.0° | 70.7° | 75.7° | 78.7° | 7°30 | 1:30 
a.m.!ip. mn. 
TABLE MOUNTAIN, CALIF. 
Air mass 
3.76 | 3.01 | 2.26 | 1.51 | 0.75) 1.51 | 2.26 | 3.01 | 3.76 
November 


Air mass 

4.96 | 3.96 | 2.97 | 1.98 | 70.09} 1.98 | 2.97 | 3.96 | 4.96 
November Mb. 
1.03 | 6.83 | 0.62 | 0.41 | 8.7 8.7 
.81 . 58 47 | 7.4 6.6 

BLUE HILL, MASS. 
Air mass 

4.86 | 3.89 | 2.92 | 1.94 | *0.97| 1.94 | 2.92 | 3.89 | 4.86 
November Mb. | Mb. 
7.8 8.6 
8.3 9.8 
5.7 6.7 
43 
" . 86 ‘ 8.6 8.5 
.06 | 1.17 |- .34 24 6.0 5.0 
. 32 .44 65 . 89 62) 7.7] 104 
82 1,13 .97 | .84] 63 6.3 
_..| 1.07] .96 | 3.0 25 
1.39 | 1.25 | 1.12] 1.01 2.5 1.9 

Means. -..-- . 76 87 | 1.03 | 1.16 |--.--- 1. 26 | 1.08 . 96 . 
Departures_.|—. 14 |—. 13 |—. 08 —.03 |—.02 |—. 01 |.-----|------ 
RATIO, BOSTON-BLUE HILL ON COMPARABLE DATES 

0.65 0.93 | 0.88 0.83 | 0.78 |..----]------ 


1.19 | 1.27 | 1.38 | 1.50 
| 
4 *Extrapolated. 
1 Meridian time, 
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TaBLe 3.—Daily totals and weekly means of solar and sky radiation plus the radiation reflected from the ground, as received on a vertical surface 
facing south at Blue Hill, Mass., during November 1949 


| | | | | | 
29, 30, 2 3 Mean| 5) 6! 7) 8 10, 11! Mean| 12) 13) 14) 15) 16 17 18) Mean 
200) 34) 108 208) 62 76| 175 228) 214 436) 508) 415| 121|  280| 370| 471| 326 m| 21 
| | } 
ATS 201 21] 221 241 251 Mean| 27) 28| 201 301 1 BIR 
as 462} 63) 285 206) 330) 344] 10; 244] a 5| 464) 347 43) | 


TaBLE 4.—Daily totals and weekly means of solar and sky radiation plus the radiation reflected from the ground, as received on a vertical surface 
facing north at Blue Hill, Mass., during November 1949 


2 3 31} 2 Mean ‘ 6| 8 9 10) 11) Mean 12) 13, 14) 15) 16) 17 18. Mean 
46} 44) 30 42 38) 23) 43 35 2 34, 29 38 4) 13 31 

~ 40} 30) 35 43 35) 44, 33} 41; 26) 14) 2 20) 34] 26 
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